ABSTRACT
INTRODUCTION
The Motlawa is a Polish river, which runs in the Pomerania province. This river is a tributary of the Dead Vistula, which has its estuary to Gdansk Bay. Motlawa in Gdansk has a very rich port history. Since the middle ages it was a very important point for the logistics of the Baltic shipping routes. A storage district was located in the vicinity. Wood, grain, iron, copper, lead, wax, leather, fur, eastern roots, cloth, herrings and salt were trans-shipped in the Motlawa Port. Today, this part of Gdansk is usually associated with a tourist attraction of the city. The most popular of them is the Long Bridge. The Motlawa Port functioned until 1939. Currently, Matlawa is a harbor for the cruise company -Żegluga Gdańska -ships. Figure 1 shows the map section of the old Motlawa Port area. Figure 2 shows the same field section of orthophoto map, which was developed in 2014. Due to historical aspects, it is important to archive and inventory all historic buildings. Here, laser and optical scanning is applicable. An example of such a construction in the area of the coast of the Motlawa is a wooden crane, which was first used in 1363. In the past, it was the strongest crane in northern Europe 1 . Besides the advantage of scanning -the ability to archive practically the majority of information on the shape of any object -many other possibilities for the use of scanning port infrastructure can be indicated. These possibilities are discussed further in this article. From today's point of view, they are very important aspects of port building safety. Based on laser scanning, port security systems can be developed, which are just as important to the security systems of ships in the harbor 2. Due to the floods occurring in the history of Gdansk (in 1540 the Granary Island was completely flooded), monitoring the water level is quite important. Besides monitoring the water level in the river, monitoring the technical condition of the buildings is also necessary. All kinds of cracks, deformation and tilt, should be detected as soon as possible in order to secure and eliminate the total destruction of objects. 
LASER SCANNING AS THE SOURCE OF SPATIAL DATA
Laser scanning is an efficient tool for gathering spatial information as well as it supports geodetic data in GIS applications and provides support for city modelling 3 . In addition to ranging, Light Detection and Ranging (LiDAR) systems can provide additional information about the target and information about the transmission path 4, 5 . To gather the spatial data, two of the laser scanning systems (terrestrial and airborne laser scanning) have been used. Furthermore, based on laser scanning measurements it is an obligation to regard the influence of the heat caused by insolation and vibrations interference. 6 On the base of collected data, a model of the harbor was created. It was used for monitoring the area of interest by analyzing the utility of proposed applications, which are described below.
To create a point cloud, terrestrial and airborne laser scanning has been used. The results of used point clouds have been shown in Fig. 3 and Fig. 4 . The accuracy of the ALS data is up to 50 cm based on the information, provided by Head Office of Geodesy and Cartography. ALS point cloud basic operations of integration of the data which has been used come from the ISOK project. The Polish ISOK abbreviation translates into "IT System of the Country's Protection against hazards". It is aimed at providing a system that improves the protection of Economy, Environment and Society against extraordinary threats, especially against flooding 8 . The point cloud is obtained from TLS measurements which were made on the basis of measurements of 20 positions. In order to connect the following stations geodetic prisms, spheres reference or details of terrain, clearly identifiable on the scan were used. In the case of measurements it was important to give georeferencing because of ALS data integration. For this purpose, measured geodetic Global Navigation Satellite Systems (GNSS) receivers were used. Control points were determined by the 3D error which was no greater than 0.05 m. In the process of measurements of the coastal zone, places where the horizon is too much obscured should be considered. It has a direct impact on the accuracy of the designated points of geodetic control network using the GNSS receiver 9 , 10 . The prepared laser data were subjected to further processing that was foremost based on a proper integration of TLS and ALS data. There are two main methods of integration of the data and both of them rely on the user's supervision. The first one is to create tie points, which could be used to reference the data. Whereas the latter is to align the data using temporary tie points and manually create tie planes which are utilized for automatic search for corresponding planes exploiting iterative closest points algorithm (ICP). This algorithm is based on detecting the closest planes in relative data sets and matching them. To create automatic planes the "Plane Patch Filter" has been used, implemented in RiScan Pro, courtesy of Riegl GmbH. "Plane Patch Filter's" basis is to divide the 3D space into equally sized cubes. For each cube the plane is estimated using least squares method, when the standard deviation of the plane is higher than the assumed value, the cube is further divided into further eight smaller cubes, and the process is repeated. The smallest size of a cube is defined by the user. If the standard deviation is less than expected, the algorithm saves the plane and takes it into consideration during the final alignment process. Based on these algorithms, the ALS and the TLS point clouds have been aligned. The results are shown in Fig. 6 .
Fig. 6 The results of TLS and ALS alignment.
Based on the conclusive data set, the authors moved on to the analysis in terms of port infrastructure with monument elements. Besides laser scanning, an interesting form to obtain data of objects is optical scanning 11 . It is being used increasingly in the analysis of building shapes and in the analysis of shape changes over time. Optical scanning is a method involving the acquisition of data on the object based on the captured images 12 . Using the methods of photogrammetry, we can pinpoint the coordinates (in local or global system -global requires input data with the coordinates of the markers) characteristic points of the object by two images of the same object. By automating the image processing we are able to quickly obtain very dense and accurate point cloud objects. Regarding to optical or laser scanning measurements the appropriate kind of the platform should be considered. In the project, the authors used a tripod for TLS, but it is possible to acquire data by using a platform on a moving vehicle which could be called as mobile 13, 14, 15 .
POSSIBLE APPLICATIONS OF HARBOR INFRASTRUCTURE ANALYSIS USING INTEGRATED POINT CLOUD VISUALIZATION + GEOMETRY
In the case of visualization, that could be supported with geometry analysis, like the one shown in Fig. 7 (laser scanning method provides metric system with accuracy at the level of a few mm for TLS , whilst for ALS the accuracy reaches approx. 20 cm) the application using integrated point cloud could help establish the boundaries of the safe investments zone or retreat of infrastructure facing real threats such as the degradation of the objects of interests, by creating a warning system from collected data 16 . TLS gives the possibility to analyze the geometry of the various objects (e.g. silos 17 , shell structures, coastal cliffs 18 ). 
ESTIMATE THE WATER LEVEL USING TERRESTRIAL LASER SCANNING
The estimation of the water level based on terrestrial laser scanning could be executed with specific characteristics of the light reflectance. Reflectance, sometimes called the "4 th coordinate" beside X,Y,Z, is the ratio of the reflected beam to the power of the incident light fraction, described on the boundary of two media with different refractive coefficients, expressed in decibels with a negative sign 19 . In the case of the described application, the value of the amplitude has been used. The amplitude is known as the intensity of reflection. Relying on the fact that water absorbs the infrared part of the electromagnetic spectrum(the amplitude equals 0) the operator could with high precision point out the place of water level by using adjacent harbor infrastructure. There was a distinctive boundary, a "cut off" where there were no valid points (reflections) on vertical walls (i.e. Larssen sheet piling). Also, one could accurately estimate the height of the water level according to the measurements conducted in relation to the national vertical reference system. The chart presenting reflection from different type of targets is shown in Fig. 8 . There is a line, marked with no. 7, corresponding to remote sensing windows for water as an optical medium. Fig. 8 Reflectance of different types of targets [3] .
To precisely point a place where a water level appears, the user has to find a row of points where the amplitude of these hits is approximately 1 dB. What is more, to avoid misinterpretation, the operator should check for the close neighbourhood of the marginal air-water laser scanning reflexes. Those should have an amplitude value of no more than a few dB, in this case: 6-7 dB. The example of water level estimation is shown in fig. 9 . The acquired data can also help to gather information on the level of the seabed, in the case of shallow areas. For greater depth, other methods should be used. 20 , 21 for example: acoustic waves are widely used 22 . 
HARBOR INFRASTRUCTURE MONITORING
Laser scanning datasets as a source for infrastructure monitoring could be very useful in the evaluation of stability and degradation level of the harbor. This method is based on creating a 3D triangulated model. With this method the operator could easily estimate the wall inclination or deviation of any other type of element. This applies as much to planar structures as for linear objects. In fig. 10 the authors have shown an example of wharf deviation from assumed plane. The different colors indicate local displacement from a horizontal position. Due to laser scanning limitations such as the inability to penetrate the structure with a light beam, the degradation monitoring can only be a guide to true object's condition. Dense point clouds are subject to search for major defects: missing, buckled or dented elements, cracks (also tiny ones) and abrasions. The crack detection was further presented in the paper 23, 24 . The operator can only rely on geometrical characteristics of the monitored object, though it is still very precise and effective information on general structural integrity. The result of such monitoring can be easily compared with some reference data (CAD drawings, original inventory surveys). Hand in hand, with the addition of more complex GIS analysis of cracks or displacements, the operator could be provided with an advanced failure prediction.
CONCLUSIONS AND DISCUSSION
The article briefly presents the spatial analysis of former Polish Motlawa Port, which today is an important tourist attraction of the city of Gdansk. Due to historical buildings located in in this area, archiving residues of these objects requires a specific approach. The solution to this problem can be achieved using the methods of photogrammetry and remote sensing 25 , and specifically speaking -laser scanning. The presented feasibility of collecting data on these objects and their visualization, have great potential today. Collected data on the Granary Island and surrounding areas may serve as an interesting informant in the future. Besides archiving for the purpose of data visualization, special attention was paid to the safety aspect. Areas around the port, due to contact with water, are more susceptible to the phenomenon of destruction. The method that allows the analysis of vertical and planeness waterfront has been presented. A deviation map presented in this article was created based on data from laser scanning. This map indicates the location where there are deviations from the plane of the waterfront wall. The presented analysis can be carried out for the needs of other facilities around ports in Poland and in the world.
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